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METHOD FOR PROVIDING COOLING 
TO SUPERCONDUCTING CABLE 

Technical Field 

[0001] This invention relates generally to the 
provision of cooling or refrigeration and, more 
particularly, to the provision of cooling or 
refrigeration to superconducting cable. 

Background Art 

[0002] Superconductivity is the phenomenon wherein 

certain metals, alloys and compounds at very low 
temperatures lose electrical resistance so that they 
have infinite electrical conductivity. 

[0003] It is important in the use of superconducting 

cable to transmit electricity, that the cooling, i.e. 
refrigeration, provided to the superconducting cable 
not undergo interruption lest the cable lose its 
ability to superconduct and the electrical transmission 
be compromised. While systems which can provide the 
requisite refrigeration to superconducting cable are 
known, such systems, such as closed loop turbo 
mechanical refrigeration systems, are costly, 
complicated and subject to breakdown, necessitating the 
use of back up systems to ensure uninterrupted cooling 
of the superconducting cable. 

[0004] Accordingly, it is an object of this 

invention to provide a reliable method for providing 
cooling to superconducting cable which can be used as 
the primary or a back up means for providing cooling to 
superconducting cable . 
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Summary Of The Invention 

10005] The above and other objects, which will 
become apparent to those skilled in the art upon a 
reading of this disclosure, are attained by the present 
invention, one aspect of which is: 
[0006] A method for providing cooling to 
superconducting cable comprising: 

(A) passing liquid cryogen from a storage vessel 
to a vacuum vessel, and flashing a portion of the 
liquid, cryogen into the vacuum vessel to produce vapor 
and cooled liquid cryogen within the vacuum vessel; 

(B) pumping vapor out from the vacuum vessel; and 

(C) passing cooled liquid cryogen from the vacuum 
vessel to superconducting cable and providing cooling 
from the cooled liquid cryogen to the superconducting 
cable . 

[0007] Another aspect of the invention is: 
[0008] A method for providing cooling to 
superconducting cable comprising: 

(A) passing liquid cryogen from a storage vessel 
to a vacuum vessel, and flashing a portion of the 
liquid cryogen into the vacuum vessel to produce vapor 
and cooled liquid cryogen within the vacuum vessel; 

(B) pumping vapor out from the vacuum vessel; and 

(C) cooling refrigerant fluid by indirect heat 
exchange with the cooled liquid cryogen to produce 
cooled refrigerant fluid, passing the cooled 
refrigerant fluid to superconducting cable, and 
providing cooling from the cooled refrigerant fluid to 
the superconducting cable. 

[0009] As used herein the term "cryogenic 

temperature 1 ' means a temperature at or below 12 OK. 
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[0010] As used herein the term "superconducting 
cable" means cable made of material that loses all of 
its resistance to the conduction of an electrical 
current once the material attains some cryogenic 
temperature . 

[0011] As used herein the term "refrigeration" means 
the capability to reject heat from a subambient 
temperature ent i ty . 

[0012] As used herein the term "indirect heat 
exchange" means the bringing of entities into heat 
exchange relation without any physical contact or 
intermixing of the entities with each other. 

[0013] As used herein the term "direct heat 
exchange" means the transfer of refrigeration through 
contact of cooling and heating entities. 

[0014] As used herein the term "vacuum vessel" means 
a vessel which has an internal pressure less than the 
pressure of liquid cryogen passed into the vacuum 
vessel from a storage vessel . 

[0015] As used herein the term "vacuum pump" means a 
compressor used to move gas from subatmospheric 
pressure to atmospheric pressure. 

[0016] As used herein the term "flashing" means the 
vaporization of a portion of liquid wherein the portion 
of liquid vaporized absorbs latent heat of vaporization 
from its surroundings and therefore cools its 
surroundings. In this case, the remaining liquid not 
vaporized is cooled. Lowering the vapor pressure of 
the liquid induces flashing. 
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Brief Description Of The Drawings 

£0017] Figure 1 is a schematic representation of one 
preferred embodiment of the invention wherein cooled 
liquid from the vacuum vessel is used to provide 
cooling to the superconducting cable. 
10018] Figure 2 is a schematic representation of 

another preferred embodiment of the invention wherein 
cooled liquid provides cooling to recirculating 
refrigerant fluid which then provides cooling to the 
superconducting cable . 

Detailed Description 

[0019] In general, the invention comprises the use 

of a lower pressure vessel into which liquid cryogen is 
flashed to produce cooled liquid cryogen which is then 
used to provide cooling to superconducting cable. The 
invention provides high reliability cooling to the 
superconducting cable and is especially useful as back 
up to a main refrigeration system for the 
superconducting cable. 

[0020] The invention will be described in greater 

detail with reference to the Drawings. Referring now 
to Figure l fc liquid cryogen is stored in liquid cryogen 
storage vessel 1 at a pressure generally within the 
range of from 15 to 8 0 pounds per square inch absolute 

(psia) . The preferred liquid cryogen for use in the 
practice of this invention is liquid nitrogen. 

[0021] The liquid cryogen is withdrawn from storage 

vessel 1 in line 2, passed through valve 3 and in line 
4 passed to valve 5 which serves to control the rate at 
which the cryogen is passed into the vacuum vessel. 
From valve 5 the liquid cryogen is passed in line 6 to 
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vacuum vessel 7 . Vacuum vessel 7 is operating at a 
pressure, i.e. has an internal pressure, which is less 
than the pressure of storage vessel 1. Generally the 
operating pressure of vacuum vessel 7 at least 1 psi 
less than that of storage vessel 1 and typically will 
be from 1 to 80 psi less than that of storage vessel 1 
Generally the operating pressure of vacuum vessel 7 
will be within the range of from 1 to 3 psia. 
[0022] Because of the low pressure within vacuum 

vessel 7, as the liquid cryogen is passed in line 6 
into vacuum vessel 7, a portion of the incoming liquid 
cryogen is flashed to vapor leaving the remaining 
liquid cryogen in a cooled condition. The cooled 
liquid cryogen settles in a lower portion of vacuum 
vessel 7 while the vapor occupies an upper portion of 
vacuum vessel 7. Saturated liquid from the bulk 
storage tank is introduced into the vacuum vessel 
initially at the saturation properties of the bulk 
tank. The normal saturation temperature of the bulk 
tank is higher than the saturation temperature in the 
vacuum vessel due to the lowered vapor pressure. This 
imbalance causes a portion of the liquid to vaporize 
immediately upon introduction into the vacuum vessel 
such that a saturated condition can be reestablished. 
The vaporized liquid provides cooling to the remaining 
liquid. This occurs because the portion of liquid 
vaporized absorbs latent heat of vaporization from its 
surroundings. The cooled remaining liquid is then abl 
to attain its lowered saturation temperature that 
corresponds to the vapor pressure in the vacuum vessel 
Liquid will continue to vaporize until the remaining 
liquid attains its lowered saturation temperature. 
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[0023] In order to maintain the internal or 

operating pressure of vacuum vessel 7 at the requisite 
lower pressure, the vapor is pumped out of the vacuum 
vessel. In the embodiment of the invention illustrated 
in Figure 1, the vapor is pumped out of vacuum vessel 7 
by operation of vacuum pump 8. Vapor is withdrawn from 
vacuum vessel 7 in line or stream 9, passed through 
valve 10 and in line 11 passed to electric heater 12. 
A heater is used here to raise the temperature of the 
vaporized cryogen to a suitable level for the inlet of 
the vacuum pump. An electric heater is preferred 
because it provides a lower pressure drop over other 
types of heaters such as an atmospheric superheater. 
The vented vaporized cryogen still has refrigeration 
value and it may be used for other required cooling 
duty, in which case a smaller heater or no heater will 
be required. From electric heater 12 the vapor passes 
in line 13 to vacuum pump 8 and from there in line 14 
is passed to vent 15 and released to the atmosphere. 
[0024] Cooled liquid cryogen is withdrawn from the 

lower portion, preferably the bottom, of vacuum vessel 
7 in line or stream 16, passed to cryogenic pump 17, 
and from there in line 18 is passed to superconducting 
cable 19. The cooled liquid is warmed by either direct 
or indirect heat exchange with the superconducting 
cable thereby providing cooling, i.e. refrigeration, to 
the superconducting cable so as to maintain the 
superconducting cable at the requisite cryogenic 
temperature . 

[0025] The liquid cryogen is withdrawn from 

superconducting cable segment 19 in line 20. The 
liquid cryogen in line or stream 2 0 is generally and 
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preferably still in a liquid state. The cooled liquid 
cryogen is then passed through valve 21 and then in 
line 22 is combined with the cooled liquid cryogen in 
line 6 for passage into vacuum vessel 7 for flashing 
and the further generation of cooled liquid cryogen. 

[0026] Figure 2 illustrates another embodiment of 

the invention wherein the cooled liquid cryogen is used 
to cool recirculating refrigerant fluid which is then 
employed to provide the cooling to the superconducting 
cable. The numerals of Figure 2 are the same as those 
of Figure 1 for the common elements, and these common 
elements will not be described again in detail. 

[0027] Referring now to Figure 2, refrigerant fluid 
in line or stream 23 is passed through heat exchanger 
24 wherein it is cooled by indirect heat exchange with 
cooled liquid cryogen which has been produced as a 
result of the flashing of the liquid cryogen into 
vacuum vessel 7. Preferably, as illustrated in Figure 
2, heat exchanger 24, and the heat exchange between the 
refrigerant fluid and the cooled liquid cryogen, is 
located within vacuum vessel 7. The preferred 
refrigerant fluid for use in the practice of this 
invention is nitrogen, which will always be in a liquid 
state . 

[0028] The cooled refrigerant fluid is withdrawn 

from heat exchanger 24 and passed in line 2 5 to 
superconducting cable 19 wherein it provides cooling or 
refrigeration to the superconducting cable in a manner 
similar to that previously described with reference to 
Figure 1. The warmed refrigerant fluid is withdrawn 
from the superconducting cable segment in line 2 6 and 
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passed through cryogenic pump 27, emerging therefrom in 
line 23 for recirculation back to heat exchanger 24. 
[0029] Although the invention has been described in 
detail with reference to certain preferred embodiments, 
those skilled in the art will recognize that there are 
other embodiments of the invention within the spirit 
and the scope of the claims. 



